There are many experimental data indicating the correlations of the changes in high level of organization of chromatin in human cells and changes in the state of the whole organism related to disease, state of tiredness or aging. In our previous work: arXiv.org-2018 (1812.00186) we analyzed the publications on the topic up to 2017. In this work we focused on works upon the problem of connection of the state of chromatin with human diseases published in 2018-2019. In the modern literature the most attention is paid to problem of chromatin transformations in different forms of cancer, Alzheimer's disease, and hereditary diseases. Summing up, the tendency of scientific research of noncommunicable diseases is shifting towards investigation of aspects of nuclear regulation of disease origin, connected with conformation of chromatin.
Introduction
Supramolecular organization of chromatin in human cells is connected with the state of cell and consequently with the state of the whole organism. Since the previous article on the topic: "Chromatin in human cells as characteristics of the state of human organism" reviewing the literature mainly up to 2016 (1), some works concerning changes in chromatin organization at different diseases have appeared. These works are concentrated around the theme "Chromatin structure changes in human disease". Here we present a short review of research works on the topic in 2017-2019.
Discussion
Several reviews on different aspects of chromatin structure modifications connected with human diseases appeared in 2018-2019. General view on alteration of nuclear structure connected with hereditary syndromes and cancer one can see in (2) . The separate section in this review deals with chromatin transformations in disease.
The role of chromatin rearrangements in the development of nervous system development with a special focus on trithorax related proteins. The role of different ATP-dependent chromatin remodeling complexes in in different syndromes, for instance, schizophrenia, microcephaly, intellectual disability, and Rett-like phenotypes, is also analyzed (3) . Also, the precise investigation of the role of ISWI chromatin remodeling complexes is done in connection with brain development disorders (4) .
The review of experimental works investigating molecular events at chromatin level connected with Alzheimer's disease (AD), Huntington's disease (HD) and amyotrophic lateral sclerosis (ALS) is presented in (5) . The age-related changes are also investigated. The attention of authors of review is focused on histone H3 modifications: disease-related acetylation and methylation of histone H3.
Aspects of histone deacetylases (HDACs) possible usage in medical treatment of fibrosis-connected diseases are discussed. Deacetylation of histones in chromatin, as known, modulates transcriptional activity regulating chromatin compaction. Certain types of HDACs are involved in origin of various kinds of fibrosis. Using results obtained from animal models authors discuss the possible application of HDAC inhibitors in medical treatment of human diseases associated with fibrosis (6) .
The role of topoisomerases in chromatin remodeling in disease and normal aging is discussed in review (7) . The authors focus on two topoisomerases: Top2α, operating with double-stranded DNA, and Top3β, changing topology of DNA and RNA. Both enzymes are required for normal heterochromatin formation and function. The individuals bearing mutations of Top3β are characterized by the shortened lifespan and neurological disorders. Authors analyze the facts of heterochromatin loss in AD, and loss of HP1 or H3K9 methylation in heterochromatin connected to cancer progression and tumorigenesis (7) .
The role of deficiency in enzymes modulating chromatin in such diseases as retinoblastoma, diabetic retinopathy, glaucoma is demonstrated in (8) .
Chromatin changes at molecular level in human brain associated with AD and aging are discussed in (9) . An epigenome-wide association study using the histone 3 lysine 9 acetylation (H3K9ac) mark which marks transcriptionally active open chromatin, was done in 669 samples of human prefrontal cortices. Participants of this investigation agreed to donate their brain upon death. As accumulation of tau and amyloid-β proteins are connected to AD. The acetylation of histone H3 in cortices in connection with these protein was performed. In contrast with amyloid-β, tau protein accumulation had a broad effect on the epigenome, affecting histone 3 lysine 9 acetylation. A tau-induced alterations of the histone 3 lysine 9 acetylation were much more profound than the changes that are attributable to amyloid pathology. The effect of these changes influence the transcriptome. Thus, this work presents data on precise localization and distribution of chromatin sites characterized by presence of histone 3 acetylated form -H3K9ac. This may be an informative approach in research of chromatin state in aging and disease.
The informative review on topologically associating domains (TAD) and also CCCTC-binding factor (CTCF) binding cites changes in cancer is presented in (10) . The experimental works demonstrating disruptions of TAD boundaries in case of neuroblastoma, medulloblastoma, and leukemia are analyzed. Proposed models are discussed, among them: deletion of boundaries resulting in unusual promoterenhancer contacts and inversions in TADs alter the contents of neighboring TADs. The boundary integrity can be influenced by hyper-methylation of CpG and GC-rich CTCF binding motif. This resulted in reducing of CTCF binding in glioma cells. Therefore, the data analyzed in this review support the notion of important role of TAD changes in cancer.
In the review paper (11) changes in TAD, connected to limb formation disorders and cancer are discussed. In authors view, disrupting TAD boundaries can ectopically activate neighboring proto-oncogenes which induce carcinogenesis.
Several experimental works deal with the role of condensin protein complexes in the etiology of diseases is investigated. Chromosome compaction in mitosis is essential for their segregation during mitosis. In vertebrates, two condensin complexes ensure timely chromosome condensation, sister chromatid disentanglement, and maintenance of mitotic chromosome structure (12) . The mice bearing mutation in gene Ncaph2 coding subunit H2 of condensin II complex, are hypomorphic, have reduced brain size, mitoses are characterized by frequent anaphase chromosome bridge formation. Frequent chromosome bridges also observed in mitosis of condensin-deficient cells derived from patient with microcephaly bearing mutations in condensin I and II subunits genes NCAPD2, NCAPH, and NCAPD3. Chromosome bridges formation results in micronucleus formation and aneuploidy in daughter cells (12) .
Chromosomal instability is a hallmark of cancer, but mitotic regulators are rarely mutated in tumors. Mutations in the condensin complexes, which restructure chromosomes to facilitate segregation during mitosis, are significantly enriched in cancer genomes, but experimental evidence implicating condensin dysfunction in tumorigenesis is lacking. The role of condensin II complex subunit mutation in Tcell lymphoma is elucidated in (13) . Mice with mutations in a condensin II subunit (Caph2 nes ) leads to T-cell lymphoma. Ploidy in such mice was severely perturbed at the CD4 + CD8 + T-cell stage. T cells show violations during chromosome segregation, resulting DNA damage and elevated ploidy in daughter cells. Tumors bearing Caph2 mutation are near diploid but carry deletions spanning tumor suppressor genes. P53 inactivation results in proliferation of Caph2 mutant cell lines with aneuploidy and structural rearrangements in chromosomes resulting in highly aggressive disease.
A new possible way of chromatin compaction regulation in disease is connected with histone glycation (14) . In model experiments authors show that glycation by methylglyoxal (MGO) at lower concentrations induces relaxation of chromatin fiber, while higher MGO concentrations induce their compaction. Authors identify glycation of histones in breast cancer cells, xenografts and tumors, but not in normal cultured cells. In authors opinion the obtained results suggest an additional pathogenesis-connected mechanism of cellular metabolic damage (14) .
Conclusion
In recent time (2018-2019) the problem of chromatin activity regulation via its conformational transitions in the development of various diseases attracts attention of many researchers. The most attention is paid to different forms of cancer, Alzheimer's disease, and hereditary diseases. The most popular methods of investigation are connected with genomics and determining of expression of enzymes related to chromatin modification, but the methods of TAD investigation in disease are also proliferating. Thus, the epigenetic aspects of disease origin, connected with conformation of chromatin on supramolecular level are of increasing importance.
